Self-diffusion in ethanol/hexane and dimethylether/hexane mixtures of various compositions has been measured at 215-350 K and up to 200 MPa. Qualitative analysis of the results indicates that, as expected, hydrogen bonding retards the self-diffusion of ethanol in the mixture, especially at the low temperatures. Dimethylether shows a slight effect of dipole-dipole interactions on the self-diffu sion, as seen by a higher AE* value than for the alkane. However there is no significant difference in the pressure dependence for both mixtures. This is shown by considering the ratio of the two diffusion coefficients, which suggests that, contrary to what is observed for pure alcohols, pressure has little effect upon the hydrogen bonding of ethanol in the mixture. In additon, there is surprisingly little concentration dependence on the ratios for either mixture.
Introduction
In the previous paper [1] the influence of polar groups and hydrogen bonding upon self-diffusion in monomolecular liquids is discussed. The data and conclusions derived there will be applied in this paper for a qualitative analysis of the p, T-dependence of the self-diffusion coefficients D in two binary mixtures: Dimethylether/Hexane (D/H) as a prototype of a mix ture consisting of an unpolar and a slightly polar mol ecule, and Ethanol/Hexane (E/H) as an example of a mixture in which one component has the ability to form transient twodimensional hydrogen bonded aggregates. D in mixtures of two alkanes (Propane/ Tetradecane) was studied in [2] . The comparison of the data obtained there with those obtained in the present work should allow a more detailed evaluation of the influence of the dipole moment of dimethylether upon D in the mixtures. Comparable studies on the p, T-dependence of the diffusion coefficients in binary mix tures are few in the literature [3, 4] , contrary to those in pure liquids [5] .
Molecular dynamics (MD) simulations of hard sphere (HS) liquid mixtures have been done for a lim ited range of mass and diameter ratios [6] and for the tracer diffusion of each component only [7] . The com parison with experimental results is still fairly limited, Reprint requests to Prof. H.-D. Lüdemann. the most comprehensive one being a study by Easteal and Woolf [8] on some equimolar mixtures.
Another reason for studying the p, T-dependence of diffusion in alkane-alcohol mixtures is the interest in their use as fuel substitutes. Prototype engines and results from performance trials are available [9] . How ever the paucity of good thermophysical data and hence incomplete understanding of the high tempera ture and pressure behaviour of such mixtures have hampered the optimisation of new engine systems. Experimental Dimethylether (99.8%), hexane (pa), and ethylalcohol (pa) were purchased from E. Merck (Darmstadt, FRG). The dimethylether was purified as described in [1] . Ethanol was stored over activated molecular sieve (3 Ä) in order to remove residual moisture. From all substances oxygen and nitrogen was removed by freeze-pump-thaw-cycles.
The ethanol/hexane (E/H) mixtures were prepared by weight and filled into standard 5 mm high pressure glass capillaries as described in [10, 11] , The experi mental setup used for the preparation of the dimethyl ether/hexane (D/H) mixture has been published in de tail in [2] . An adequate amount of degassed hexane was filled into the high pressure mixing chamber, which was filled up with dimethylether drawn from 0932-0784 / 95 / 0200-0117 $ 06.00 © -Verlag der Zeitschrift für Naturforschung, D-72027 Tübingen the high pressure apparatus used in [1] for pure ether. The mixture was kept for at least 24 h at room temper ature under a pressure of approx. 100 MPa and the mixing chamber turned upside down several times in order to facilitate complete homogenisation of the contents. The composition of the mixtures in the glass cells was determined before each experiment by inte grating the proton NMR spectra. The integrations were reproducible to ± 0.5%. The concentrations de termined are judged reliable to ± 1%. In order to avoid partial demixing by the formation of a gas phase the pressure in the D/H mixtures was always kept above 50 MPa.
For the determination of the diffusion coefficients, the methods described in [1] were used. The measured values are judged reliable to + 5%, and their reproducability was ± 2% to 4%, except for the very dilute solutions. Since in the systems studied here the diffu sion coefficients have only a rather slight dependence on concentration, the uncertainties in the concentra tions do not contribute significantly to the error. However, the lower signal to noise ratio of mixtures containing a large excess of one substance introduces additional uncertainties. Tables 1 to 3 give the experimental diffusion coeffi cients. Since these data can only be compared with those of pure liquids, and since there are no sets of pV T data for the systems studied nor any published molecular dynamics simulations for these or similar systems, one must be content with a qualitative anal ysis. For the slope of the various isobars in Arrhenius plots activation energies AE* (p) at constant pres sure may be calculated. In the study of the unpolar binary mixture propane/tetradecane [2] it was ob served that both constituents of each mixture have, within experimental error, identical activation ener gies, while for the two pure substances the lighter and smaller propane has a significantly lower AE* (p). Al though the difference in AE* (p) for the pure sub stances D and H is smaller than in the case studied in [2] (AE* (p) = 6.5 ± 0.5 kJ/mole for D [1] and 9.2 ± 1 kJ/mole for H [12] ), it appears that the dipolar compound shows a slightly larger temperature de pendence of D, as apparent from the isobars given in Fig. 1 for the mixture with 69 mole% D and 31 mole% H. However, the slope in the lower temper ature range of the isobars is the same within experi mental error. The activation energy calculated, for instance, for all three D/H mixtures at 230 K is 7.8 ± 1 kJ/mole and identical for both compounds and independent of composition and pressure. For the E/H mixtures a significant difference in slope is seen for all concentrations studied (Figure 2 ). The hydro gen bonding between the alcohol molecules retards the self-diffusion of this compound with falling tem perature much faster than that of the unpolar alkane. At lower temperatures one calculates for all E/H mix tures for the alcohol a concentration independent AE* (p) = 13 ± 1 kJ/mole, while for the alkane AE* (p) = 10 ± 1 kJ/mole is derived. For both com ponents of the E/H mixtures the activation energies seem to increase slightly with pressure. However, this increase is well within experimental error. in Fig. 4 and Tables 1 to 3. The activation volume AV*, as defined in [1] , is positive and becomes smaller with increasing pressure. Also there is a significant increase of AV* with temperature, this effect being more pronounced for the D/H system. At 150 MPa AV * typically increases from 8 (10~6 m3/mole) at 215 K to 15 (10-6 m3/mole) at 350 K. There is no significant difference in the pressure dependence be tween the two mixtures studied. This leads to the con clusion that hydrogen bonding in the E/H mixture is only marginally influenced by the applied pressures. This is contrary to the very pronounced effects ob served upon lowering the temperature (Figs. 1 and 2 ). For simple monoalcohols and similar compounds, the reaction volume AV for the formation of a hydrogen bond is normally [13] between 2 and 6 (10~6 m3/mole). Pressure thus must slightly favor the aggregation of the alcohols in the mixture. However, the p-dependence of the self-diffusion is obviously not very sensi tive to slight changes in the association equilibria.
Results and discussion
In the absence of density data it appears impossible to compare the two systems more quantitatively, since diffusion is a rather sensitive function of density [14] . However, the p, T-dependence of the ratio of the two self diffusion coefficients in each mixture should reveal rather sensitively the general trends typical for these classes of binary systems. For all the data collected in the Tables 1 to 3 the isobars were fitted to second order polynomials, and from these polynomials the ratios of the two diffusion coefficients (D (D)/D (H) and D (E)/£> (H)) were calculated. These ratios are, within experimental error, independent of pressure, empha sizing the trend discussed for the isobars above. Thus in Fig. 5 the mean of the ratios of all isobars for 4 mixtures are compiled. The standard deviation being typically 3% to 4%. Qualitatively these ratios are similar for all concentrations in each of the binary systems studied. In the D/H system a slight increase is observed with falling temperature, indicating that the larger mass and volume of the unpolar hexane mole cule leads to a slightly greater temperature depen dence for diffusion and that the influence of the dipo lar attraction upon the diffusion of the ether can be only small. In all alcohol containing mixtures the for mation of more, larger and longer lived transient hy drogen bonded aggregates with falling temperature is obvious from the rapid decrease of these ratios. It appears remarkable and unexpected that the concen tration dependence of these ratios is also rather weak in the hydrogen bonded system.
A more detailed analysis of these results will be possible if density data for the two systems become available. Also an extension of the hard-sphere liquid molecular dynamics studies will be essential for a bet ter understanding of the quantitative aspects. It can be predicted that it will be possible to describe mixtures containing dipolar molecules, which experimentally show slight deviations from the behaviour of the sys tems consisting of unpolar molecules only, by exten sions of the HS-model as for instance the interacting sphere [15] and the rough hard sphere model [16] . The mixtures in which one component participates in hy drogen bonding pose a more complex problem, and most probably should be studied in molecular dynam ics simulations with explicit inclusion of the hydrogen bonding interaction.
